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Abstract

There are a number of approaches to advanced
guidance and control (AG&C) that have the potential
for achieving the goals of significantly increasing
reusable launch vehicle (RLV) safety and reliability,
and reducing the cost. This paper examines some
approaches to entry guidance. An effort called
Integration and Testing of Advanced Guidance and
Control Technologies ITAGCT) has recently
completed a rigorous testing phase where these
algorithms faced high-fidelity vehicle models and
were required to perform a variety of representative
tests. The algorithm developers spent substantial
effort improving the algorithm performance in the
testing. This paper lists the test cases used to
demonstrate that the desired results are achieved,
shows an automated test scoring method that greatly
reduces the evaluation effort required, and displays
results of the tests. Results show a significant
improvement over previous guidance approaches.
The two best-scoring algorithm approaches show
roughly equivalent results and are ready to be applied
to future reusable vehicle concepts.

Introduction

Advanced guidance and control has a significant
potential to increase the safety of future reusable
launch vehicles, as well as to reduce the cost of
performing guidance and control analysis, both in the
design and in the operational phases. This potential
has been documented elsewhere'. The Advanced
Guidance and Control Project, which was supported
by the NASA X-33 Program Office, had as its
purpose to develop and test some of the potential
methods. The testing was to be in a high-fidelity
simulation, against a number of stressing conditions,
in order to discern the most flexible approaches.

This paper describes some advanced approaches for
entry guidance. We summarize an initial phase of
testing performed to examine the various methods.
Some lessons were learned from the initial phase of
testing. Some of the algorithms performed well, but

for the most part the methods were not ready to
address all the RLV needs. We planned a second
phase of testing to more completely examine the
performance of the algorithms versus the safety and
cost requirements. This paper includes a description
of the test cases for the second phase of testing. This
paper also describes an automated method of scoring
the algorithm performance that leads to a significant
reduction of effort. We include final results of the
second phase of testing at the end of the paper. The
testing and algorithm improvement work were
supported by the Space Launch Initiative Program.
This paper is the first in what is hoped to be a serics
of papers that examines tests of the various
algorithms needed for a complete advanced guidance
and control architecture.

First Phase of Testing

An original goal in this effort was to include as many
approaches as possible within the resources of the
effort, with an eye toward not missing what may be
the best approach. The methods had to be openly
available (not proprictary), and available with a
relatively small budget. This led to an emphasis on
university grants and in-house efforts.

A test series was conducted in September 2000. Four
entry guidance methods were tested. The test
environment was the X-33 Marshall Aerospace
Vehicle Representation in C (MAVERIC)
simulation®. MAVERIC was the only high-fidelity
end-to-end simulation used for X-33 design. The X-
33 was planned to fly a number of sub-orbital test
flights, so these tests encompassed primarily ascent
followed immediately by entry on sub-orbital
trajectories. The sub-orbital flights should be viewed
as representing different downrange aborts for a
RLYV. These tests are particularly stressing for entry
guidance, because the duration of the entry phase is
short, and because the entry guidance has to remove
dispersions that result from the ascent phase.
Additional tests were run for entry from various
orbits, using the same simulation and vehicle models,
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with differing crossrange requirements and heat
constraints.

Tests during Phase 1 included different nominal
missions, engine-out aborts, Monte Carlo dispersion
runs for both nominal missions and aborts, and
significant engine over and under performance.
Failures and mis-modeling not associated with the
propulsion system were not explicitly considered for
this Phase 1 testing. Algorithm size, speed of
execution, memory, complexity/effort required, and
performance against a variety of criteria were all

compared.

Of all the methods tested, the linear quadratic
regulator entry guidance was the only one that
performed quite well. In all cases, it became clear
that more work was necessary to develop the
algorithms to their full potential, so that they would
successfully fly the various test cases. This led to the
definition of a second set of tests, as described below,
and to more work on the algorithms, as described in
the references.

Methods to be Examined

The work in this paper continues from work first
described in Reference 2. The following describes
the different methods involved in this integration and
testing.

e Bascline guidance. This method is like the
Shuttle entry guidance in that it tracks a nominal
drag versus energy profile for longitudinal
guidance and uses a heading error corridor to
trigger periodic bank sign reversals for lateral
guidance. It was the baseline entry guidance for
X-33. This guidance was used for a portion of
the tests, for comparison purposes. It was not
used for the complete set of tests because of the
time it would have taken to set it up and tune it
properly for all tests. Add a bit more detail from
the Boston paper with reference.

o Linear quadratic regulator (LQR). This method”
has performed very well in test. The algorithm is
of the reference profile tracking type. The
reference profile consists of reference states,
range to go, altitude, and flight path angle, and
reference controls, bank angle and angle of
attack, versus energy. A linear contro] law using
state feedback is used with energy-scheduled
gains. The gains are obtained offline using
Matlab’s steady state linear quadratic regulator
function. Lateral trajectory control is obtained
through bank sign reversals chosen based on a
heading error corridor. The algorithm is not
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quite as flexible as methods with on-board
trajectory re-generation capability, but it is very
robust with respect to varying initial conditions.
The guidance gains are for the most part
trajectory-independent.

Predictor-corrector. This method®, called
Eguide, chooses parameters using a Newton
procedure and numerical integration to obtain a
desirable trajectory on-board for the actual flight
conditions. Eguide follows a reference heat rate
carly in entry. A total of four parameters are
chosen for entry--reference heat rate, initial bank
angle, bank angle rate, and the time to switch
from heat rate tracking to targeting the TAEM
interface. TAEM, or Terminal Arca Energy
Management, is the flight phase that occurs after
entry and is focused on setting up the landing
phase. For this study, the TAEM interface is at
about 2500 fps relative speed, 30 nm from the
landing area, and at about 95,000 ft altitude.
After the high heating region is passed, Eguide
uses initial bank and bank rate to target the
TAEM interface. EGuide contains a planning
stage and also functions as guidance with a
combination of a predictor/corrector and a
profile-follower using the LQR guidance just
described. This method results in very smooth
bank angle and angle of attack commands, and a
smooth altitude profile. A bank reversal is
chosen to satisfy the lateral motion necessary to
reach the TAEM interface.

A trajectory design method that uses quasi-
equilibrium glide, combined with a predictor-
corrector method, to design a trajectory for
entry’. The use of equilibrium glide enables the
inequality constraints to be observed. The entry
trajectory design problem is decomposed into
two sequential one-parameter search problems.
The 3-dimensional trajectory is derived
(longitudinal and lateral motion), in order for the
TAEM interface to be successfully reached.
First, the motion for the initial entry into the
atmosphere and the longitudinal profile for the
pre-TAEM portion are found. Next, the method
estimates the longitudinal profile for the quasi-
equilibrium glide phase. Integrating the
equations of motion enables the trajectory to
converge and to follow the correct vehicle
dynamics. The combined longitudinal motion
satisfies the constraints and end conditions. A
bank reversal is chosen to satisfy the lateral
motion requirements. A profile-following
guidance flies the trajectory, focusing on
following all the trajectory parameters®,

An entry trajectory design and guidance
procedure based on extension of the Shuttle
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trajectory design methods to three dimensions’.
The method is called EAGLE, for Evolved
Acceleration Guidance Logic for Entry. The
planning algorithm generates reference drag
acceleration and lateral acceleration profiles,
along with the reference state and bank angle
profiles. EAGLE chooses a drag profile using a
3-segment linear spline fit for a profile that fits
within the drag versus velocity constraints and
gives the correct value for downrange distance.
The lateral motion is determined through a bank

Test Cases and Test Criteria

For the second phase of tests, we included many of
the first set of tests again, since the methods did not
in most cases perform satisfactorily. We also added
tests for various failure and mis-modeling cases that
seemed appropriate. The test environment was a
newer version of MAVERIC that models the X-33
vehicle in more detail and automates some of the test
processes required. A list of the test cases follows in

reversal chosen to minimize the final crossrange Table 1. Table 2 shows the motivation for each set of
error. An iteration is used to improve the length tests. Table 3 lists the dispersions modeled for the
and curvature estimates. A feedback Monte Carlo runs.

linearization control is used to track the reference

drag and heading profiles.

Table 1. Phase 2 Test Series

DOF: Degrees of Freedom;, MCD: Monte Carlo Dispersions; PPO: Power Pack Out (Engine Failure, time of failure indicated);
Michael (nominal) and Ibex (low energy) are X-33 landing sites; Mich10al and 10d1 are different X-33 missions (10d1 is a
higher-energy flight); seed indicates whether a new random number was used to start certain test cases. All environments are for
the month of April unless noted. ISS is Intemational Space Station; LEO is low Earth orbit.

ENTRY GUIDANCE TEST SERIES
Test Number & Description DOF | #Runs
1) Michl0al 6 100 MCD
2) Michl0al, February environment, different random seed 6 200 MCD
3) Michl0dl 6 100 MCD
4) Michl0d1, August environment, different random seed 6 200 MCD
5) Mich10al, PPO time 50 sec (early abort to Michael) 3 100 MCD
6) Michl0al, PPO time 60 sec 3 100 MCD
7) Mich10al, PPO time 112 sec 3 100 MCD
8) Michl0al, PPO time 40 sec (early to Ibex), different random seed 3 200 MCD
9) Michl0d1, PPO time 38 sec (early to Ibex), different random seed 3 200 MCD
10) Michl0al, +4 sigma thrust dispersion from ascent 3 1
11) Michl0al, +6 sigma thrust dispersion from ascent 3 1
12) Mich10al, -12 sigma thrust dispersion from ascent 3 1
13) 51.6 deg. ISS orbit entry, low crossrange, high peak heat rate limit, input profile to guidance is from 3 100 MCD
this trajectory’s design.
14)  51.6 deg. ISS orbit entry, high right crossrange, high peak heat rate limit, input profile from 13. 3 100 MCD
15) 51.6 deg. ISS orbit entry, high left crossrange, high peak heat rate limit, input profile from 13. 3 100 MCD
16) 51.6 deg. ISS orbit entry, low crossrange, low peak heat rate limit, input profile from this trajectory’s 3 100 MCD
design.
17) 51.6 dep. ISS orbit entry, high right crossrange, low peak heat rate limit, input profile from 16. 3 100 MCD
18) 51.6 deg. ISS orbit entry, high left crossrange, low peak heat rate limit, input profile from 16. 3 100 MCD
19) 28.5 deg. LEO orbit entry, low crossrange, low peak heat rate limit, input profile from 16. 3 100 MCD
20) 28.5 deg. LEO orbit entry, high right crossrange, low peak heat rate limit, input profile from 16. 3 100 MCD
21) 28.5 deg. LEO orbit entry, high left crossrange, low peak heat rate limit, input profile from 16. 3 100 MCD
22) MichlQal, acrosurface failure result: angle of attack limited to S deg. less that nominal entry value. 3 1
23) Michl0al, aerosurface failure result: angle of attack and bank rates limited to 2 deg./sec. maximum, 3 1
24) Mich10d1, aerosurface failure: angle of attack limited to 5 deg. less that nominal entry value. 3 1
25) Michl0dl, aerosurface failure: angle of attack limited to 5 deg. less that nominal entry value, and angle 3 1
of attack and bank rates limited to 2 deg./sec. Maximum
26) Michl0al, unknown to guidance, first flight aerodynamics mis-modeling: aerodynamic lift coef. 20% 3 1
less than vehicle database model.
27) Michl0al, unknown to guidance, first flight acrodynamics mis-modeling: aerodynamic lift coef. 20% 3 1
more than vehicle database model.
28) Michl0al, unknown to guidance, first flight aerodynamics mis-modeling: aerodynamic lift coef. 20% 3 1
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less and aerodynamic drag is 20% more than vehicle database model.

Table 2. Motivation for the Tests

Tests Motivation

1-4 Nominal X-33 missions with dispersions; robustness to dispersions

5-9 Engine failures; robustness to large off-energy cases and alternate landing sites

10 -12 Large thrust dispersions; ability to maximize probability of successful landing

13-21 Entry from orbit; ability to adapt to different heating requirements and crossrange
requirements with dispersions.

22-25 Effects from failures causing a change in maneuverability

26 —28 Mis-modeling of acrodynamics on first flight

Table 3. Dispersions

Atmospheric density: GRAM 99 atmosphere with random seed

Winds: GRAM 99 atmosphere with random seed
De-orbit Parameters
Aerodynamics

More detail will be added to this table; define GRAM, add reference?.

Automated Scoring
The Phase 1 test evaluation involved a number of

guidance and control experts reviewing the results
(both graphical and numerical) and determining how
well the method flew the vehicle. This approach
worked, but had two drawbacks: 1) It requires a
large amount of engineer time for evaluation of many
parameters on many tests for multiple algorithms,
and 2) the final evaluation has some subjectivity in it
(and could potentially result in uneven evaluation).
There was a benefit to this method, however. In
evaluating the methods, it became clear to the
evaluators what parameters were important to them
and what values of these parameters were acceptable.
As a result, we were able to automate the scoring
process for the Phase 2 tests.

Tests are numerically scored, and then each test is
weighted, with the scores added, so that the
algorithms have a final numerical score.
Normalization results in a perfect score being givena
value of 1.0. For each parameter to be tested, there is
a weight, and these multiply that parameter’s score
and add into the total. Single tests (not Monte Carlo
dispersions) are scored as in this example:

Normal acceleration: 0-3.5g, 1.0-2.5g means the
score is 1.0 for normal acceleration magnitudes
below 2.5, 0.0 for values above 3.5, and linearly

varying in between the two limit values. The
parameter score is multiplied by the weight for that
parameter (normal acceleration) and added into the
total score for that test.

For Monte Carlo dispersion tests, the overall score is
the average of the individual scores. A final criteria
used for the entry guidance and flight control tests
regards accuracy in reaching the TAEM targets. If
the range, altitude, and heading angles are not
sufficiently controlled in order to be able to land
successfully, the test was considered a failure (score
of 0) even if other criteria were met. Typical values
used for the required accuracy at hitting the TAEM
condition were 7 nm, 7000 ft, and 10 deg,
respectively. If more than 10% of Monte Carlo cases
fail to meet these TAEM conditions, then the entire
Monte Carlo run is given a score of 0.0. An
exception to this last criteria was tests 5 and 8. We
found that the 90% success criteria resulted in all
algorithms failing this test. By removing the criteria,
it became possible to see the relative scores of the
various algorithms and thus to have a means for
comparing them.

Table 4 lists the criteria compared for each of the
various tests. We plan to provide more detail in the
final paper for Table 4’s description of the criteria,
with values and weights included.

American Institute of Aeronautics and Astronautics



SONNBUOIISY PUB SONNBUOISY JO SIMINSU] UBILIOWY

S

*SN[eA WINWIXEW YY) J0J PUSISSe 2100S ) SJuasaIdal 91008

&)
"3NTeA WNWITUTUI 31} 10 PIUSISSE 21008 3} SHUSSAIADI 31008 ()
"SONJeA WINWITUTWS PUB WINWIKEW 10 0

Jutod Apog yoea 104 4

'S2100S 3} Jo aFeIaAL Y SJUASAIdI IO 4,

*S9I00S JOPPILI WSLI pue Yo SPNJOUT JOU SIOP 31008 AFRINAY W

"INHYV L 1 M[EA SII UO AUO Paseq PAI03s 3 [[IA PUE - §1S3) UT ATUO PISn ST UOLIAD YL, XD @

WHY.L 18 anJeA S} U0 A[UO paseq Parods ST UOLISIO YL . o X @
“$-1 S1S9) UT ATUO pasn STUOLNO YL : X ¥V o

*S1S9) [[E UI Pasn ST UOLSJID YL i X o

“3'1 ‘POIEOIPUI $1S3) 0} PAAUIT] SSIUN S153) [[€ JOF OTE PAIS] BLAN)  #

X TEED 035/,4/N.1g ‘ereayyesd | 0€
(depgaryX BC LD sttod Apoq ‘siojeorpur daary | 62
gxpBapyX S ey sjurod Apoq ‘s101eorpur exmonns-reunayy, | 87

wav X () pasn juefpdoxd §OY Y4

Wy DX JVH 01 Jo119 Surpesy e
(wav.X Sueyueq | €T
NS D amssaid Qv1d (44
wavX sue ped BN | 61
avpX OvH o108ury | 8I
AV X spunry | LI
)X UONBIS[OIIR [EULION Sl
cX eyde-0 | €1

(18X P UOAJ[R ‘UONOIPP | <

aay )XV dey Apoq ‘vonoagep | 1
,ouEping FEITTTTN
Anuy uondusaq LRI | TR

"SIyS1om pue s1ojourered SurI0ds BLISIIO S YONS SUID)! [EUOT)IPPE SPN[OUl

11 31qe) 3 pue ‘raded Teuny o xof pajsnipe oq (1M 3soY ], °S)S9} SouepmS ANud 10§ J0U Inq SIS3) [ONUCO PUE DUELPINS JU30Se 10§ Pasn Fu1aq e Jey) BLAILD

0} puodsaLIoo SISQUIMU BLINUO SUISSTW Y], "WISAS jonuo)) uonoesy :SOY "paads aAneral sdy gosz Inoqe 1e yutod Surpus ue ‘0oekIsul WamSFeue

A810uq vary TeUnd], JNHVL (POPOOU USYM SIOJENIOR [BOTUBYOIW-01II9] SUSUIZNE) 901A(] ISISSY Peo onewmaud (v-1d (Aemuns oy ypm uSie

0} pasn) du0)) JUAUNISY SuIpesy :DVH uonses Suizcog pojewiony Y) Ul Mo[aq USALS uondiiosop a1 0) SUrPIOOOR SAI00S [ENPIAIPUT 3Y) WS PUE MO[q

9]qe} 1 3N ‘S)SI} O[FL)) ANUOIN IS0dWI0d UTLIGO O], 'I[qELIBA YOBD JOJ SINJEA PAIISIP Y UO PIseq Sem SULIoos QY] 'SISS) [ENPIAIPUT JOJ dXe PaISI] eudu)
BLIILI) 389, ‘¥ 9Iqe],




SONNBUOIISY PUE SONNBUOIIY JO SIMIISUT UBDLIdWIY
9

'9109s 93eI9AR 2Y] Ul papnjoul JOU S1 3533 pafIey/ulssiw oY) ‘(9J09s
oloz © ut Sunnsar) 1593 Jenored e pajre] wiyiod[e oyl 31 ‘swyiLod[e oy Aq pawrioyrad s159) [nJssa00ns [ J0J 318 SAFRISAR 100G

"S3I0N
‘aseyd Anuyg Sunmp anfeA wmMuIIXew a1} J0J paudisse 91005 Ay} SIuaso1dor 01008 (Knomd

"aseyd Ju0sy SuLmp Sn[eA WNUWITXEUI 1) JOJ POUSISSE 21008 ) SIS 2400 (onenng)

WAV L 18 2N[EA WNUITXEUI 9Y) 10J PAuBIsse 1008 o) SHudsaxdar 91008 (oov o0

‘O T8 SN[eA WINUITXEUI 3Y) 10§ PAUSISSE 21008 ) Sjudsardor 21008 (o0

"30BLINS OB JOJ ST} UONRINIES [£10} Y} 10J POUSISSe S2I00S ) JO SFLIGAR oY) SJUSsaIdDI 21008 10,1y

Tuouodurod ourSua 10 3DBLMS YOBS J0J SI0S ) JO 9FeIoAe Iy} S)uasardar 21005 (s3rv)

Jurod Apoq oes Jo anjeA WNWITXeW i J0J pouSisse $9100s ) JO 9FBISAR oY) SJUs2IdoI 91008 GDIEY)

WAV .L 1 33{ 4oes Jo anfea sy} Joj poudisse sa100s ) JO 33eIoAL oY) SUISAUADI AI0DS  (oou ) 50y
"S0BJINS YIBS JO SONJEA WNUITXEUI PUE WNMIITUI JOJ PIUSISSe SAI00S Y} JO dFRIOAR oY) SIUSAAII AI0IS (o vsuyy

“meL 29 yond 7ro1 Jo sonjeA WINWITXew pue WNWTITW J0J paudIsse $2100s 21 Jo aferaae oy sjuasaxdar 21009 (g ay)
"SON[eA WNUITXEUT PUE WHUITUTUL 10§ PIUSISSe S1005 oY} JO d5eIdAe oy SuosaIdor 100§ sy
'sdojs o) IsuTeSe SuIT) [€10} JO ST} UONRITIES [B10) AP 104 |
‘mek % yopd ‘oriog
PRI
"0BHNS YOBI 10



Results
Results of the tests are shown in the following
figures. These tests have been performed a number
of times, with the algorithm designers given a chance
to correct problems in their method’s performance
during the process. The baseline X-33 entry
guidance (Shuttle-like) is shown for comparison for
tests where it is set up to fly the vehicle.

Figure 1 shows the performance for the entry
guidance test cases. A score of 0.0 means that the
algorithm failed the test. If more than one algorithm
failed the test, a slightly negative score is used so that
the reader is able to see the scores in the figure. The
X-33 baseline guidance is used for tests 1-12 only. It
is clear that it does quite poorly as compared to the
other algorithms. The reason for this is clearly
visible in Figure 2, which shows results from Test
Case 1. The nominal TAEM interface altitude and
range are 96,000 ft and 30 nm respectively.
Although the baseline guidance has values generally
clustered in this vicinity, the spread is significantly
greater than the LQR TAEM spread, which is very
tight around the nominal values. Four of the 100
cases for the baseline are off the graph and others
would not be land-able. The particular failed criteria
in this case is that at least 90% of cases must be
within 7 nm of the desired TAEM range condition.
Although this baseline algorithm would be
completely acceptable for flying a typical Shuttle
entry profile that has a long time available for
removing dispersions as well as a benignly-designed
trajectory, the X-33 sub-orbital trajectory was
required to remove ascent dispersions on a relatively
sporty entry profile in a much shorter period of time.
This may be necessary in some downrange abort
scenarios for an orbital vehicle.

The LQR algorithm scores fairly well across the
board, although it fails some of the more difficult
cases, probably due to the fact that it does not have a
trajectory profile tailored more to that case. Test case
20 is a high crossrange case that LQR fails because it
does not have a trajectory profile tailored to high
crossrange.

The predictor-corrector (Eguide) method performs
well, although it has some problems. Its capability to
design smooth new profiles, combined with a robust
guidance that includes the LQR after the high heating
region is passed, leads to robust performance. It fails
some of the toughest tests. The designer of this
algorithm realized that further improvements would

possibly have removed the failures. However, he
decided not to continue working on the algorithm
after seeing success in the other algorithms. Further
work may have brought the performance of this
approach up to near the others, but would have
probably not yiclded equal or greater performance.

The quasi-equilibrium glide approach and the
EAGLE algorithm both performed extremely well.
Both approaches passed all the tests and performed
well on all tests. The total scores for the various
algorithms, as of the final deadline for testing, are as
follows: update this score

Drag-Energy 3D 94.3
Quasi-Equilibrium Glide 94.3

Linear Quadratic Regulator 83.5
Predictor-Corrector 823
Shuttle-like 8.4 (outofa
possible 50)

The drag-energy 3D approach ultimately scored
95.9% in a subsequent test, but the algorithm was
submitted separately for the different X-33 missions
(10al and 10d1), whereas the quasi-equilibrium glide
testing is for a single algorithm.

The criteria graph (Fig. 3) shows the performance on
the various criteria for each algorithm. The criteria
are in Table 4. The performance is shown only for
those tests that did not fail (did not score a zero on
the test cases graph). This way, the reader will see
information on how the method performed for the
various criteria. The number of successful tests for
each algorithm can be determined from the test cases
graph. Since the baseline passed only three tests, its
criteria numbers are not meaningful and are left out
of the figure.

All of the new algorithms performed fairly well
against the various criteria. There are some
differences where some of the approaches are
stronger than others.

Summary
This paper gives the results from testing entry

guidance methods for application to future reusable
launch vehicles. The methods were tested in high-
fidelity simulation to determine their performance
with respect to nominal missions, engine-out
situations, dispersions, various failures, and vehicle
mis-modeling. All the new approaches significantly
outperformed the Shuttle-based entry guidance
design. The quasi-equilibrium glide approach and
the drag-energy 3D method (EAGLE) both
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performed extremely well. We believe they are now
proven to the extent that they can be expected to
work well on a future vehicle application. The LQR
approach, while having more difficulty with some of
the tests as compared to the two top performers, is
simpler computationally and would represent a good
choice for a lower-risk approach.

As of this writing, the EAGLE method is not a single
algorithm, but has been delivered separately for
different test cases.

For future differentiation between the various
approaches, an option would be to define a couple of
additional tests to hopefully separate the two top
performing algorithms. The tests might include
running the algorithms for some scenarios that were
not available to the designers, to find out how robust
they are to unforeseen scenarios. Relative
computational complexity is another way to compare
the approaches.

Follow-on work is planned in all the other areas of
advanced guidance and control, which are not as far
developed as the entry guidance. Although work is
progressing on all fronts, much work remains to be
done. Each of the best algorithm approaches should
then be integrated into an overall advanced guidance
and control architecture. This architecture would be
shown to meet the safety, reliability, and cost
objectives.
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